Abstract. In this paper it is described some to those characteristics of silicon detectors which make them very useful in the fields of Medical Physics. The main application of these devices are in detecting low energy X-ray radiation (from 10 to lOOKeV). This range of energy is enough in many applications on crystallographic and on medical imaging. This paper also briefly refers to the readout system for acquiring the radiation events for imaging purposes. Finally, it is discussed the different kinds of silicon detectors which are silicon strip, pixel and drift.
INTRODUCTION
Due to the development of both microelectronics technology and solid state detectors, a wide horizon in the field of medical physics, i.e. radiotherapy, diagnostic, was open in the eighties. This development took place thanks to a new generation of compact and high resolution detectors systems. One of the important detector systems includes silicon detectors, which have been used for several years in high energy physics for tracking charge particles and high position resolution. The resolution of silicon detectors depends both on the physics of the conversion of the impinging radiation and on the quality of the readout. They are considered as suitable detectors for X-rays in the diagnostic energy range (10-100KeV), when working with very fast low noise readout electronics (VLSI-Very Large Scale Integration) , Most of the research activities are dedicated in developing the appropriate electronic readout to obtain the data coming from the detection system.
The principal characteristics that silicon detectors offer in Medical Physic fields are a very good energy resolution and a good Signal-to-Noise ratio. Some of other characteristics of silicon detectors which can be useful in these application are the followings, the time of creating electron-hole pairs when a radiation impinges to he surface is about 10 ns, they have a spatial resolution of 10//s, they present an import art property which is the linearity of the response vs. deposited energy, also there is a great tolerance to high radiation doses and they can operate at room temperature. In a very simple point of view, a silicon detector is build as a diode where there is a junction of p + and n + material to created a depletion zone. Applying an inverse voltage this depletion region expands decreasing in this way the production of charges (leakage current), and the only charges produced will be when a particle or foton crosses the wafer surface. Once generated, these signals must be amplified and recorded before they can be used to determine a point on the particle's trayectory. These functions are carried out by a very fast electronic. The electronic system and the detector are ultrasonically bonded with an aluminum wire one quarter the width of a human hair. When an X-ray is absorbed into a silicon wafer, many electron-hole pairs are generated. Depending on the design of the silicon detector these pairs go to the implanted strips or pixels in the surface of the wafer, or drift towards the anodes placed on the sides. The calculated detection efficiency ranges from 100% at lOKeV to 1% at SOKeV for 300/Lim silicon crystal. As we can see in figure 1 when increasing the thickness of the wafer the efficiency grows.
As we know Radiography is the most widely used imaging technique in medicine. It is the most important application of X-rays, about 200000 system in the world. Since it was discovered a century ago, it has received spectacular improvements. But recently it has received an important change when an entirely electronic detectors were developed. Now radiologists can control parameters, displays, processes and they can store the images in real time in their workstations. Silicon detectors play an essential role in these developments [1] ,
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SILICON DETECTORS
The silicon detectors are used mainly as position sensitive sensors for track reconstruction in Particle Physics experiments [2] . The number of electron-hole pairs produced by an incident photon is the energy produced divided by 3.6eV, which is the energy for producing a pair, in comparison to gas detectors which require an energy of 30eV to produce one couple. So this is a great advantage of silicon detectors over other detector systems referring to energy resolution.
Nowadays one can clasified the different kind of silicon detectors used in Medical Physics into these three categories; silicon strip, pixel and drift detectors. They can vary in design, size and thickness but the principles of working remain as treated in the following subsections.
Silicon Strip Detectors
An effective use of standard silicon strip at room temperature for low energy X--ray measurements is limited to the energy range between 5 keV and 20 keV. For the energies below 5 keV one usually faces a limitation due to the noise of the readout electronics and the channel to channel variation of gain and offset. Concerning the upper energy limit, for the energies above 20 keV, two limiting effects should be taken into account: (i) the reduction of the detection efficiency due to the finite thickness of the detector, typically below 500 /^ra, (ii) the degradation of the intrinsic spatial resolution due to Compton scattering. The scattering effects become then comparable or larger than the effect diffusion during its transport to the readout electrodes.
It is known that the spatial resolution depends on the pitch. Calculating the center of mass of the deposited charge, it is possible to obtain a spatial resolution higher than the pitch itself. For 25 microns pitch one can obtain 5 or 10 microns of resolution. One of the issues to be considered when using silicon strip detectors for detection of low energy X-rays is the effect of charge division between neighbouring strips. This effect results in the distribution of the charge collected on individual strips to be different from the distribution of the charge generated in the detector volume [3] .
The present evolution in silicon strip detectors technology makes it possible to have the detector and the integrated analog electronic (preamplifier, shaper, discriminator) on a single chip with the advantages of compactness and low electronic noise [4] . Due to flexibility of design, silicon strip detectors can be set down in almost any geometric pattern. Usually they are fabricated as parallel strips, each a diode many centimeters long and a typical pitch of 25 microns. They register this hit in one dimension. If there is the necessity of two-dimension information a correlation of two orthogonal detectors have to be done.
Silicon Pixel Detectors
One of the main application of silicon pixel detectors in medical physics is in Imaging. It is known that the smaller the microcalcifications can be detected, the earlier the diagnostic can be made. Thus, the pixel dimension is crucial for digital mammograms [5, 6] .
Pixels of 50jJ>m 2 is enough to satisfy the requirement of detecting tiny microcalcifications which can be attributed to the initiation of breast tumour. A typical area of a silicon wafer is 4mm 2 which can contain many pixel detectors. This area is subdivided into independent quadrants to sense and process the intense flux of X-rays. These detectors are bidimensional position devices. To avoid ambiguity in the row and column locations of an X-ray hit, the circuit would have to sense the radiation hit, register this hit and reset itself before a second x-ray hit is detected.
If these devices were used to create images with a visual resolution comparable to a film-screen, pixel size should be in the range of 100 -150/um. That is the reason why it is more convenient that these detectors be applied in mammography, because this technology requires a relative small amount of volume (breast dimensions), works in the range of lower X-ray energy (20KeV as we have seen before), and aims at the detection of both very low contrast tumours in soft tissue and opaque microcalcifications a few hundred microns wide. For these purposes X-ray absorption should be as strong as possible in the energy range mentioned before. So it is necessary that the detector survive the radiation damage for 10 years, and silicon pixel detectors covers this requirement.
Silicon Drift Detectors
The principles of work for a silicon drift detector are the following. The volume of the detector is fully depleted by a suitable potential applied to corresponding electrodes on both sides of the wafer. A drifting field parallel to the detector surfaces is obtained by holding adjacent electrodes at different potentials. Electrons generated by the absorption of an X-ray are focused into the central plane of the wafer and drift toward the small collecting anodes placed on the extremes of the detector. The collected charge allows the measurement of the energy released by the incident radiation. The center of mass of the anodes give the w x" coordinate while the drift time of the signal electrons is used, together with the drift velocity, to measure the "y" coordinate [7, 8] .
The drift detectors have been tested as high resolution low energy X-ray spectroscopy. This range of energy is from 1 to lOKeV. There is much work in proposing the geometry of the detector for optimizing the resolution. Anyhow it can be taken into account the fact that energy is proportional to the charge produced by the radiation, thus they can be used to obtain images with different color scales integrating the charge produced in one hit.
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RESUME
The peculiar features of silicon detectors were presented as useful devices for Medical Physic applications, especially for high resolution soft X-ray spectroscopy at room temperature for imaging purposes. As it was treated great developments in readout electronic systems are needed, the most important fall in the field of low noise due to the small amount of energy that has to be detected, limited into the range of energy for which the silicon detectors have a good efficiency.
